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ABSTRACT Broiler chicks are transported to pro-
duction sites within one to 2 d post-hatch. Possible ef-
fects of this transportation are poorly understood and
could vary among chicks from breeder flocks of differ-
ent ages. The aim of the present study was to investi-
gate the effects of transportation duration and parental
flock age on chick welfare, productivity, and quality.
After hatch in a commercial hatchery, 1,620 mixed-sex
chicks from 29-wk old (young) and 1,620 chicks from
60-wk old (old) breeders were subjected to transporta-
tion of 1.5 h or 11 h duration. After transportation,
2,800 chicks were divided among 100 pens, with each
pen containing 28 chicks from one transportation crate
(2 or 3 pens per crate). From the remaining chicks, on
average 6 chicks (min 4, max 8) per crate (n = 228)
were randomly selected and assessed for chick qual-
ity, weighed, and culled for yolk sac weighing (one d).
Chicks that had not been assigned to pens or were
not used for post-transportation measurements, were
removed from the experiment (n = 212). Mortality,
ADG, BW, and feed conversion (FC) of the experi-
mental chicks were recorded until 41 d. Meat quality
was measured for breast fillets (n = 47). No interac-
tion effect of parental age and transportation duration
was found for any variables. BW and yolk sac weight
at one d were lower for chicks transported 11 h than
1.5 h and for chicks from young versus old breeders.
The effect of parental flock age on BW persisted until
slaughter. Additionally, parental age positively affected
ADG until slaughter. Chick quality was lower in chicks
from old versus young breeders. Chick quality and pro-
ductivity were not affected by transportation duration.
Mortality and meat quality were not affected by either
parental age or transportation duration. To conclude,
no long-term detrimental effects were found from long
post-hatch transportation in chicks from young or old
parent flocks. Based on these results, we suggest that
11 h post-hatch transportations under similar condi-
tions do not impose long-term welfare or productivity
risks.
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INTRODUCTION
Early life environment and experiences are crucial for
the development and performance of chicks later in life
(Decuypere et al., 2001; Valros et al., 2008; Mitchell,
2009). Poultry are the only production animals that
are transported very early in life, making this an im-
portant early life experience (EFSA, 2011). These so-
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called “day-old chicks” can in reality be up to 3 d old,
because the time window between the first and last
chick hatched within a flock is 24 to 48 h (Bautil et al.,
2014). European legislation stipulates that these day-
old broiler chicks may be transported for a maximum
duration of 24 h within 72 h after hatch and may not be
deprived of feed or water for longer than 72 h (EC No
1/2005). However, the spread in hatching moment may
result in some chicks being deprived of feed and wa-
ter for 48 h longer than others within the same flock.
Such deprivation has been proven to negatively affect
performance parameters (Decuypere et al., 2001).
Chicks are believed to sustain themselves without
feed or water for 72 h after hatch by using reserves
in their yolk sac (EFSA, 2011). However, the modern
genetic lines with high metabolic rates, associated with
faster growth, may deplete their energy reserves more
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et al. (2010) found that fast-growing Lohmann chicks
had a faster yolk uptake than a slow-growing layer line
(Bovan males) when deprived of feed and water. Be-
cause transportation may exacerbate the depletion of
reserves through excessive thermoregulatory demands
and stress, the relation between the depletion of yolk
sac reserves and transportation should be examined in
order to determine the effect of transportation dura-
tion on chick welfare, health, and productivity (EFSA,
2011). The effect of pre-incubation and incubation fac-
tors such as parental flock age, egg storage, incuba-
tion temperature, and relative humidity (Tona et al.,
2005; Bergoug et al., 2013a) also could influence the
effect of transportation on chick welfare, quality, and
productivity.
Recently, Bergoug et al. (2013b) investigated Ross
chick quality and productivity in relation to duration
of post-hatch transportation and parental age. Their
results suggested a negative relation between breeder
age and chick mortality, and a positive relation between
breeder age and chick BW and quality. Transportation
duration negatively affected BW until the chicks had
reached the age of 21 d. However, in that study, the
effect of breeder age could not be separated from other
effects nor was it possible to discern the interaction be-
tween breeder age and transportation duration. The
aim of the current study was to investigate the com-
bined effect of post-hatch transportation duration and
parental age on the welfare, productivity, and quality of
broiler chicks from arrival at the production plant until
slaughter age.
MATERIALS AND METHODS
This experiment (2014/232) was approved by the
Ethics Commission for Experimental Use of Animals
of the Institute for Agricultural and Fisheries Research
(ILVO, Melle, Belgium).
Birds and Treatments
Eggs from a commercial hatchery (Vervaeke-Belavi
NV, Tielt, Belgium) were collected on the same day
from 2 flocks of Ross 308 breeder parents (kept under
the same management conditions) of either 29-wk old
(“young”) or 60-wk old (“old”). Eggs had been stored
for 4 d then incubated at the commercial hatchery ac-
cording to standard practice in Belgium. The hatch-
ery used a single-stage incubation program, in which
eggs were disinfected, placed in the incubator for 18 d,
candled, disinfected, and placed in the hatcher until
21 d. After the mixed-sex chicks hatched (they were
not sex-separated post-hatch), hatchery personnel ad-
ministered the vaccines and visually assessed the chicks
for down appearance, anomalies, and cleanliness. Down-
graded chicks were excluded from the experiment. Stan-
dard crates of 0.24 m2 with a capacity of 90 chicks were
used for transportation to the ILVO experimental farm.
The chicks (n = 3,240) were divided over 36 transporta-
tion crates, with 90 chicks from either young or old
breeders in each crate. These crates were alternately
stacked and divided over one of the 2 transportation
treatments. This resulted in 4 stacks of crates, with
in all stacks an equal number of crates with chicks
from young or old breeders, 2 stacks per transportation
treatment.
Chicks were transported for either 1.5 h or 11 h,
which respectively correspond to mean and maxi-
mum transportation durations in Belgium (L. Coghe,
Vervaeke-Belavi NV, Tielt, personal communication),
resulting in a 2 × 2 factorial setup. Commercial trans-
portation conditions were reproduced by placing all
crates in one fully loaded commercial semi-trailer with
air conditioning (temperature between 28 and 30◦C),
together with commercial chicks intended for other
farms. Numbered crates containing the experimental
chicks were placed in 4 stacks on 2 carts in the
truck, with the breeder-flock treatments alternately dis-
tributed over the 4 stacks.
Housing
After transporting the 3,240 chicks in 36 crates (9
crates per treatment, 90 chicks per crate), 2,800 un-
sexed chicks were placed in a single broiler housing unit.
Remaining chicks were used for measurements (n =
228) or were taken out of the experiment (n = 212).
Experimental chicks were housed in 100 pens (2m2)
on wood shavings. The content of each transportation
crate was divided over 2 (n = 8 crates) or 3 pens
(n = 28 crates), without mixing, resulting in 28 chicks
from a single crate per pen (stocking density at slaugh-
ter age of ca. 35 kg/m2). Commercial mash feed was
provided ad libitum according to recommendations for
Ross broilers in a commercial setting (starter, zero to
14 d; grower, 15 to 28 d; finisher, 29 to 41 d). Wa-
ter was provided ad libitum in bell drinkers. Dynamic
ventilation was used, with an air entrance located cen-
trally at the roof with air extracted via both sides. The
ventilation rate depended on the ambient temperature
and age of the broilers to (1) maintain the tempera-
ture as close as possible to the optimal temperature
schedule and (2) minimize the moisture, NH3, and CO2
content of the inside air. Ambient temperature in the
housing unit was 33 to 35◦C on d one and was reduced
by 2.6◦C every wk to 20 to 22◦C at slaughter age (42 d),
in line with recommendations for commercial settings.
Chicks received 23 h of light per d from fluorescent
lamps in the first wk, and then 18 h of light from 7 d
onwards.
Measurements
The transportation crates were weighed and num-
bered immediately before transportation from hatch-
ery to the research facility. Immediately after arrival at
ILVO, all transportation crates were weighed again. On
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crate (n = 228) were marked, weighed individually, and
checked for chick quality. Chick quality was scored on
a zero to 100 scale according to Tona et al. (2003),
with 100 being maximum quality. Criteria for chick
quality included physical activity, dryness and clean-
liness of down, retracted yolk, brightness and wideness
of eyes, conformation and inflammation of legs, clo-
sure and color of the navel area, and remaining mem-
brane and/or yolk (Tona et al., 2003). After assessment,
these chicks were culled via cervical dislocation and
then the yolk sac was removed from the abdomen
through an incision and weighed individually.
BW and feed intake were recorded at pen level at
14, 28, and 41 d for 40 pens (10 pens per treatment,
all 28 birds per pen). Feed conversion (FC; based on
bird-days), ADG, and feed intake per bird were calcu-
lated for each interval and for the entire period (zero to
41 d). Researchers and caretakers were blinded for
parental age treatment to avoid expectancy effects
(Tuyttens et al., 2014). Mortality was recorded upon
arrival and then daily until the end of the experiment.
At 41 d, broilers were transported to a commercial
slaughterhouse. The next day, the birds were stunned
electrically, slaughtered, and then their carcasses were
immediately chilled at the slaughter plant (at 42 d).
Meat quality was assessed on a sample of birds (n =
12 birds per treatment group, with the exception of
one group in which 11 birds were sampled, thus n =
47) based on 5 parameters: pH, temperature, color,
drip loss, and cooking loss. Approximately 5 h after
slaughter, both breast fillets were removed from the car-
casses. The right breast fillets were bagged and placed
in a refrigerator (temperature 0.9 to 6.7◦C). Left breast
fillets were blotted dry and weighed, then measured
for temperature (E514, Mingle Instrument GmbH Eu-
rope, Willich, Germany), pH (Portamess 910, Knick,
Berlin, Germany), and color (Miniscan EZ colorime-
ter, HunterLab, Reston, VA) at 2 locations on the fil-
lets. Subsequently, these fillets were placed in a plastic
bag and hung for 24 h, blotted dry, and reweighed to
determine drip loss. Temperature and pH were then
measured again at 2 locations as above. After 24 h
of cooling at the research facility (circa 29 h after
slaughter), right breast fillets were blotted dry, weighed,
and cooked in a warm water bath (80◦C) for 40 min-
utes to a core temperature of 75 ± 0.5◦C. Fillets were
then blotted dry and reweighed to determine cooking
loss.
Statistical Analysis
Data were analyzed using a mixed model (SAS 9.4,
SAS Institute Inc., Cary, NC) with cage as random
effect to study the effect of transportation duration,
parental flock age, and their interaction on chick qual-
ity, mortality, weight, and feed uptake (pen level). In-
teraction effects remained in the model only when P-
value was <0.10. The analyzed data were considered
Figure 1. Mean transportation crate weight (g) with chicks from
either young (29 wk) or old (60 wk) breeder flocks, at the hatchery
(0 h), after short transportation (1.5 h; n = 36), and after long trans-
portation (11 h; n = 18).
sufficiently normally distributed, based on the graphi-
cal evaluation of the residuals (histogram and QQ-plot).
RESULTS
Crate Weights
Crate weights immediately after transportation
were negatively affected by transportation duration
(P < 0.001) and positively affected by parental age
(P < 0.001; Figure 1). Crates with chicks from young
breeders were on average 889 ± 20 g lighter than crates
with chicks from old breeders. After 1.5 h transporta-
tion, crates weighed on average 17 ± 9.0 g less than
before transportation; after 11 h transportation, they
weighed 176 ± 9.2 g less. No interaction between trans-
portation duration and parental age was found.
Chick Body Weight and Yolk sac Weight
Chick BW at 1 d (P = 0.002) and yolk sac weights
(P < 0.001) were negatively affected by transporta-
tion duration. Chicks subjected to long transportation
(11 h) were 1.40 ± 0.4 g lighter than chicks subjected to
short transportation (1.5 h; Figure 2). After long trans-
portation, yolk sacs were on average 1.23 ± 0.2 g lighter
Figure 2. Mean individual chick weight at 1 d (g) from either young
(29 wk) or old (60 wk) breeder flocks after short (1.5 h) or long (11 h)
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Figure 3. Mean yolk sac weight (g) of chicks from either young
(29 wk) or old (60 wk) breeder flocks after short (1.5 h) or long (11 h)
transportation (n = 228).
Figure 4. Mean chick quality score (0 to 100) from either young
(29 wk) or old (60 wk) breeders after short (1.5 h) or long (11 h)
transportation (n = 225).
than after short transportation (Figure 3). Chicks from
young breeders were 9.2 ± 0.4 g lighter than chicks from
old breeders (P < 0.001) and the yolk sacs were on av-
erage 2.30 ± 0.2 g lighter in chicks from young breeders
in comparison to those from old breeders (P < 0.001).
No interactions between parental age and transporta-
tion duration on BW and yolk sac weight were found.
Chick Quality Score
Chick quality score (0 to 100) was negatively affected
by parental flock age (P< 0.001; Figure 4). Chicks from
young breeders scored on average 3.56 ± 1 higher than
chicks from old breeders. Most common abnormalities
were navels that were not completely closed but not
discolored (67% of the chicks) and a small amount of
residual yolk in the navel opening (32% of the chicks).
No abnormalities were found in chicks’ activity, legs,
or yolk retracted/swallowed. For chick quality, no effect
was found for transportation duration, nor was there an
interaction between transportation duration and age of
breeders.
ADG, BW, FC
ADG in the first 28 d and until slaughter was pos-
itively affected by age of breeder flock (P = 0.009 at
zero to 14 d, P = 0.027 at 15 to 28 d, P = 0.017 at
zero to 41 d), with chicks from young breeders grow-
ing on average 4.2 ± 1 g less per d than chicks from old
breeders (Table 1). No effect of transportation duration
on ADG was found. Although transportation duration
had a negative effect on BW at 1 d, no effect was found
at later ages. BW was positively affected by parental
flock age during the complete production phase (P =
0.004; Table 1), with a weight difference of 9.5 ± 0.3 g
at one d, 55.4 ± 9.0 g at 14 d, 127.8 ± 29.4 g at 28
d, and 147.4 ± 35.0 g at 41 d. No interaction between
transportation duration and age of breeders was found
for BW. FC tended to be positively affected by parental
flock age in the last 2 wk of the production phase (29
to 41 d; P = 0.069; Table 1), when chicks from young
breeders had a FC of 0.04 ± 0.01 lower on average than
the FC of chicks from old breeders. No interaction be-
tween transportation duration and parental flock age
was found on ADG, BW, or FC.
Mortality (After Arrival and Cumulative)
Only one chick (from old breeders) died during (11 h)
transportation, thus no statistical analysis was done
for number of dead chicks on arrival. Mean cumulative
mortality during the production phase was 3.2%, which
was not affected by transportation duration or parental
flock age. No interaction between transportation dura-
tion and age of breeders was found.
Meat Quality
No effect of transportation duration or parental flock
age on meat quality was found. Fillet temperature and
pH were on average 6.7 ± 0.1 and 5.5 ± 0.1 at 5 h
after slaughter. Fillet lightness (L∗) was on average
54.8 ± 0.7, redness (a∗) 5.2 ± 0.2, and yellowness (b∗)
13.5 ± 0.3. Breast fillets lost 1.2 ± 0.1% weight af-
ter 24 h suspension and lost 18.1 ± 0.7% weight after
cooking.
DISCUSSION
This study examined the effect of post-hatch trans-
portation duration and parental flock age on chick qual-
ity, welfare, and productivity until slaughter. Parental
flock age positively affected BW, yolk sac weight,
and ADG, but negatively affected chick quality. We
found that post-hatch transportation duration nega-
tively affected chick BW and yolk sac weight. We hy-
pothesized that chicks from parents of a different age
would respond differently to a stressor (transportation).
This hypothesis could not be confirmed; no significant
interaction between parental flock age and transporta-
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Table 1. ADG, feed conversion (FC), and BW during the production phase, measured per feed type
(starter/grower/finisher), every 2 wk (14 d, 28 d, 41 d) for chicks from either young (29 wk) or old
(60 wk) breeders after short (1.5 h) or long (11 h) transportation (n = 40 pens).
29 wk 60 wk P-value1
Day 1.5 h 11 h 1.5 h 11 h SEM Parental age
ADG (g/day/bird) 0 to 14 21.0 21.0 24.2 24.2 0.59 0.009
15 to 28 61.0 61.4 66.3 66.7 1.34 0.027
29 to 41 102.5 100.1 104.0 102.5 1.04 NS
0 to 41 60.5 60.2 63.9 63.5 0.74 0.017
FC 0 to 14 1.47 1.46 1.40 1.40 0.03 NS
15 to 28 1.47 1.48 1.45 1.45 0.01 NS
29 to 41 1.64 1.65 1.67 1.68 0.01 0.069
0 to 41 1.55 1.55 1.55 1.55 0.01 NS
BW (g) 14 333.2 332.4 388.6 387.8 7.78 0.004
28 1,188.5 1,192.4 1,316.3 1,320.2 25.5 0.012
41 2,521.2 2,505.2 2,668.6 2,652.6 30.3 0.014
1Effects of transportation duration and of the interaction between parental age and transportation duration on ADG,
FC, and BW were NS (P > 0.10).
Parental Age
Chicks from old breeders were heavier than chicks
from young breeders throughout their lives, in line with
the findings by Tona et al. (2004) and Willemsen et al.
(2008). Chick weight is strongly correlated with initial
egg weight (Wilson, 1991), which, in turn, is strongly
correlated to breeder age, with heavier eggs from older
breeders (Decuypere and Bruggeman, 2007; Koppenol
et al., 2014). This weight difference was also reflected
in ADG, which was higher for chicks from old breeders
than for chicks from young breeders in the first 4 wk
of production, but not different in the last 2 wk, re-
sulting in a slaughter weight difference of 147 g. Even
though high parental flock age tended to increase FC
in wk 4 to 6, this tendency was not found for the whole
production phase (wk one to 6; P > 0.8). To conclude,
the weight difference found in day-old chicks cannot
be compensated during production, and increases over
time as weight gain was higher for day-old chicks from
old breeders compared to those from young breeders.
The egg yolk (residue) contains nutrients and is uti-
lized through uptake into the circulation or small intes-
tine (Sklan, 2003). Early feeding (<24 h post-hatch)
was shown to result in faster utilization of yolk sac
nutrients and optimal development of intestines and
organs (Bhanja et al., 2009). We found that chicks
from young breeders had smaller yolk sac residues than
chicks from old breeders. Decuypere et al. (2001) ar-
gued that small chicks (i.e., those from young breeders)
should be fed as soon as possible after hatching due to
their proportionally smaller yolk sac residues.
Chick quality score as developed by Tona et al. (2003)
can be used as a qualitative predictor for broiler per-
formance expressed as growth (Decuypere and Brugge-
man, 2007; Willemsen et al., 2008). Many factors are
known to influence chick quality, such as environmen-
tal factors during incubation, but also parental flock age
(reviewed by Decuypere and Bruggeman, 2007). Tona
et al. (2004) found fewer chicks with a perfect score
from old breeders than from young breeders (93.7 ver-
sus 97.7% in chicks from non-stored eggs, 79.4 versus
96.9% in chicks from eggs stored for 7 d). In addition,
Willemsen et al. (2008) found lower scores in chicks
from older breeders. Both results are in line with the
findings of the current study, in which chicks from old
breeders generally had lower chick quality scores. Dis-
similar chick quality scores due to parental age differ-
ences could be directly linked to egg quality (Decuypere
and Bruggeman, 2007). Eggs from young breeders have
better albumen quality and therefore higher chick qual-
ity scores, and although day-old chicks weigh less com-
pared to chicks from old breeders, they have greater
growth potential (Tona et al., 2004). This growth po-
tential was not reflected in the current study, as ADG
was not greater for chicks from young breeders than
from old breeders.
Additionally, differences in chick quality scores could
be related to storage of eggs (Tona et al., 2003). Egg
storage during 7 d resulted in a deterioration in egg
quality (especially albumen quality), and more so in
eggs from old breeders than in those from young breed-
ers (Tona et al., 2004; Decuypere and Bruggeman,
2007). In the current study, eggs were stored for 4 d,
possibly resulting in lowered egg and chick quality, es-
pecially from the old breeders.
Both Willemsen et al. (2008) and van de Ven et
al. (2012) argued that the correlation between the
Tona score and broiler performance is meaningful only
when a considerable percentage of suboptimal qual-
ity (second-grade) chicks are included. In the cur-
rent study, chick quality showed little variation over-
all (SD = 7; data not shown), which is most likely
due to the post-hatch selection made by hatchery
workers (similar to Willemsen et al., 2008). Chicks
with major abnormalities were culled by hatchery per-
sonnel, thus primarily high-quality (first-grade) chicks
remained.
The scoring system comprises 8 indicators for
quality, 3 of which focus on navel characteristics
(closing and discoloration, remaining membrane, and
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primarily determined peri-hatch. The number of abnor-
malities found in the current study is very similar to
those found by Willemsen et al. (2008), with most of
them related to the navel area. However, they found re-
maining membrane in the navel to be the most common
abnormality (ca. 60% of abnormalities), while in our
study naval closure was the most common abnormal-
ity (ca. 67% of abnormalities). Chick quality comprises
mostly navel characteristics, and is relevant only when
low-grade chicks are present in the sample. Therefore, it
could be argued that chick quality as assessed using the
Tona method is not a useful predictor for the impact of
transportation or post-hatch performance in this study.
A more suitable predictor for post-hatch performance
(and impact of transportation) could be BW at 7 d,
as it was found to be the best predictor for slaughter
weight (Willemsen et al., 2008).
No effect of parental flock age on mortality was
found. Hulet et al. (2007) showed a similar result, as
they reported no effect of parental flock age (29 vs.
59 wk) on cumulative mortality in Cobb chicks.
Transportation Duration
After 1.5 h and 11 h transportation, chicks had
lower BW than before transportation. Bergoug et al.
(2013b) found similar weight differences between non-
transported groups and 4 h and 10 h transportation
groups, but no differences between both transportation
groups. Any reduction in weight after transportation is
likely due to delayed feed intake, as birds from the short
transportation were fasted for >3 h and those from the
long transportation for >12 h. Moreover, transporta-
tion may exacerbate the depletion of reserves through
thermoregulatory demands and stress (EFSA, 2011).
In an experiment on nutrient utilization in male chicks,
researchers found that fasting chicks for 48 h at zero
d resulted in depressed weight gain until 21 d (Batal
and Parsons, 2002). A similar result was found in Ross
PM3 birds (breeders) transported (and fasted) for 4 h
and 10 h at zero d (Bergoug et al., 2013b). Gonzales
et al. (2003) found fasting of >24 h to negatively af-
fect final broiler weight. We did not find an effect of
transportation duration (or fasting duration) on BW
at 14 d, 28 d, and 41 d, suggesting that this negative
effect from post-hatch transportation did not last until
slaughter age.
No effect of transportation on ADG or FC was
found in the current study, in line with the findings by
Bergoug et al. (2013b) and by Gonzales et al. (2003) in
studies on fasting times. Yolks were lighter after long
transportation than after short transportation. These
results are in line with expectations, as chicks were
deprived of food and water for longer. Despite lower
weights of the yolk sac after 11 h transportation, residue
was still left, possibly suggesting that 11 h transporta-
tion did not negatively affect chicks in the long term.
The Tona score has been developed as an indicator
of relative growth and thus broiler performance, which
was not affected by post-hatch transportation in the
current study. Even though Bergoug et al. (2013b) stud-
ied chick quality and post-hatch transportation, an as-
sociation between both has not been reported.
No effect of transportation duration was found on
mortality, which is in line with literature. In 3 exper-
iments, Bergoug et al. (2013b) found no clear effect
of transportation on mortality during the production
phase. In addition, Almeida et al. (2006) found no rela-
tionship between fasting (for 12 h or 24 h) and mortality
of Ross 308 males until slaughter age.
The meat quality characteristics pH, lightness, yel-
lowness, and redness were very similar to values of 41
d-old Ross 308 broilers reported by Janisch et al. (2011).
However, fillets of the current study had higher drip
loss than reported in that study. Drip loss differences
are possibly due to the difference in breast weights (ca.
170 g in the current study versus ca. 225 g in their
study), as different fillet dimensions could mean a dif-
ferent surface area exposed to air, which could result
in a different drip loss (Fanatico et al., 2007). Differ-
ences also could be due to methodological differences
(we hung fillets for 24 h; they stored the meat in plas-
tic containers for 61 h). A study with the same suspen-
sion time (Fanatico et al., 2007), but a different breed
(Cobb) and slaughter age (63d) showed more compara-
ble drip losses. Post-hatch transportation and parental
flock age did not affect meat quality characteristics.
This could be due to overruling effects of the 41 d pro-
duction phase (Castellini et al., 2002; Michiels et al.,
2012) and transportation to slaughter (Zhang et al.,
2009).
In the current study, no interactive effects of trans-
portation duration and parental age were found on
chick quality, welfare, or productivity of broiler chick-
ens. Long transportation lowered 1 d yolk and BW,
compared to short transportation, but this effect on
weight did not persist until slaughter age. No significant
effect of transportation duration on chick quality was
found. Chicks from old breeders showed reduced quality
and a higher slaughter weight compared to chicks from
young breeders. No significant effect of parental age or
transportation duration on mortality or meat quality
was found. No long-term detrimental effects were found
for long (11 h) post-hatch transportation in chicks from
young or old parent flocks. Based on these results, we
suggest that 11 h post-hatch transportations under sim-
ilar conditions do not pose long-term risks for broiler
welfare or productivity.
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